We examined somatic growth, somatosensory re£exes, and ultrasonic calls from postnatal day 3 to day 18 in Mecp2 1lox mutant mice, a mouse model of Rett syndrome. Both Mecp2 null male and Mecp2 heterozygous female mice exhibited normal somatic growth, but transient delays in the development of some re£exes relative to sex-matched wild-type mice. Both Mecp2 null male and heterozygous female mice exhibited dramatic increases in ultrasonic vocalizations in response to social isolation; these di¡er-ences were evident as early as postnatal day 5. These results suggest very early abnormalities in sensory re£ex development and behavioral responsiveness in the Mecp2 mutants that may provide a target for early therapeutic intervention. NeuroReport 17:541^544 c 2006 Lippincott Williams & Wilkins.
Introduction
Rett syndrome (RTT) is a severe neurodevelopmental disorder. In the majority of cases, the disorder is associated with mutations in the MeCP2 gene [1] . Classically, only girls are affected, as the syndrome is usually embryonic lethal in boys. Girls who are affected generally appear healthy until between 6 and 18 months of age, when development appears to plateau and then motor and cognitive skills regress [2, 3] . Stereotypical hand movements, absent or very limited language, severe autistic-like features, as well as potentially life-threatening seizures, respiratory dysfunction, and severe kyphoscoliosis may ensue [4] . Although symptoms are not typically identified until late infancy, there appear to be subtle deficits in younger infants. These features can include mild hypotonia, poor suck, and weak cry [5] , as well as abnormal movements of the face, hands, and body [6] .
The mechanism by which mutations in the MeCP2 gene cause RTT remains unclear. MeCP2 is a DNA-binding protein that attaches to methylated regulatory components of DNA and forms the nidus of a histone deacetylase complex [7] . Histone deacetylation modifies the local stoichimetrics of the DNA molecule, resulting in compaction that closes off access to the DNA for the transcription complex, with resultant repression of gene expression [8] . MeCP2 may also have a direct role in posttranscriptional regulation of RNA splicing [9] . Recent evidence suggests that MeCP2 may regulate the activity-related expression of the brain-derived neurotrophic factor in neuronal cells, and normally may play a role in synapse maturation [10] . Furthermore, the timing of the onset of symptoms in humans and the regression of learned behaviors suggest that disruption of neurodevelopmental genes that support normal synaptic maturation, stabilization, or pruning underlie the abnormal motor and cognitive phenotype in RTT [11] [12] [13] .
Several mouse models with a loss or alteration of functional Mecp2 protein exhibit RTT-like phenotypes and offer good model systems for more detailed studies [14, 15] . Particularly in models of neurodevelopmental disorders, it is critical to conduct behavioral phenotyping during the developmental period in order to document precisely the onset of signs, examine transient signs, and provide a basis for the timing of early interventions [16, 17] . Here, we describe early behavioral phenotyping in a mouse model for RTT that has been created by deleting exon 3 of the Mecp2 gene (Mecp2 1lox ) [18] . We find that behavioral alterations are evident in Mecp2 null mice relative to wildtype mice as early as postnatal day (PND) 4.
Methods

Animals
All mice were maintained on a 12/12 h light/dark cycle with food and water available ad libitum. All procedures were approved by the Wellesley College Institutional Animal Care and Use Committee and conformed to the standards set forth in the National Institutes of Health Guide for the Care and Use of Laboratory Animals. Two founder mice heterozygous for the Mecp2 1lox null allele, previously described [18] , were obtained (a gift from Dr R. Jaenisch). These heterozygous female mice, which were of mixed genetic background (primarily BALB/C with some 129 and C57BL/6), were mated to wild-type C57BL/6J male mice for eight generations. Eight heterozygous dams were mated with wild-type C57Bl/6J male mice, and birth was considered PND 1. Eighty-eight mice from 14 litters were tested. This group contained 25 wild-type male (MWT), 18 null male (Mnull), 20 wild-type female (FWT), and 25 heterozygous female (Fhetero) mice. Testing was conducted from PND 3 to 18. No mortality was noted during behavioral testing, and the experimenters were blind to genotypes for all testing.
Genotyping
After behavioral testing, mouse genomic DNA was phenol chloroform extracted, EcoR1 restriction digested, agarose gel electrophoresed, and Southern blotted using standard methodologies [19] . A chemiluminescent-labeled probe, utilizing the Mecp2 exon 4 gene sequences, was used to differentiate wild-type and Mecp2 mutant alleles, which yielded 4.0 and 5.1 kbp fragments, respectively [18] .
Physical and sensory-motor assessment From PND 3 to 18, measurements were made every 3 days between 09:00 and 13:00 h. Pups were weighed, and body and tail length measured to the nearest 0.01 g and millimeter, respectively. A selection of sensory-motor reflexes from the Fox battery [20] was performed: slow righting, forelimb grasping and placing, level and vertical screen tests, geotaxis, hindlimb grasping and placing, and cliff aversion (for a description, see Table 1 ). Reflexes and responses were scored: 0 was no response/reaction, 1 was slight response/reaction, 2 was incomplete response/ reaction, and 3 was a complete adult-like response. The experimenters were trained until the inter-experimenter reliability was greater than 95%.
Ultrasonic vocalizations
On PNDs 3, 4, 5, 6, and 7, the pups were assessed for ultrasonic vocalization during a 3-min test. Ultrasonic calls were recorded between 09:00 and 13:00 h in a room at 2111C.
Single pups were removed from the litter and individually placed in a glass container (diameter, 5 cm; height, 10 cm). The number of ultrasonic calls emitted during the 3-min test was assessed listening to the audible frequencies output of an Ultravox US Bat Detector system (Noldus, Wageningen, The Netherlands) tuned in the 'broad band' mode, transducing sounds between 10 and 100 kHz.
Statistical analysis
The data were analyzed by analysis of variance for repeated measures (with the PND as the repeated measure). MWTs were compared with Mnulls and FWTs were compared with Fheteros in separate analyses. Neuman-Keuls post-hoc analyses were conducted when appropriate. Out of 14 litters used in the current study, only six included mutants and wild-types of both sexes. Therefore, litter effect could not be taken into account.
Results
No significant differences in body weight, or body or tail length (all P's40.08) between wild-type and sex-matched mutants were observed. These results suggest that the overall somatic growth was similar between groups. Although many reflex measurements were similar between the groups (slow righting, forelimb grasping, forelimb placing, vertical screen test, and geotaxis), significant differences were found in hindlimb placing and grasping, cliff aversion, and the level screen test (see Fig. 1 ). Transient delays in hindlimb placing were evident in mutant male and female (P¼0.009 and 0.049, respectively; Fig. 1 ) mice. Transient delays in hindlimb grasping were also noted in Mnulls compared with MWTs (P¼0.003), leading to a different pattern of acquisition of the reflex (interaction P¼0.001). A transient delay -the cliff aversion response -occurred in Mnulls and Fheteros (P¼0.04 for both); this difference was no longer evident by PND 18. Fheteros acquired the level screen reflex at a different rate from FWTs (interaction P¼0.02, data not shown graphically). Ultrasound vocalizations were the earliest and most prominent difference between the mutant and wild-type mice (P¼0.0001 for male; 0.001 for female mice). On PND 5, Mnulls exhibited a more than three-fold increase in ultrasonic vocalizations over MWTs (P¼0.002) and a different pattern of calls throughout the first postnatal week (interaction P¼0.03); these differences were numerically higher, but no longer statistically significant on PNDs 6 and 7. Fheteros exhibited increased vocalizations relative to FWTs throughout the first postnatal week; the differences were particularly evident on PND 7 (P¼0.003).
Discussion
Between PNDs 3 and 18, we did not find marked somatic growth alterations between wild-type and mutant mice. This suggests that the reflex and ultrasonic alterations that were noticed during this period did not result from altered somatic growth in the mutants.
The earliest and most prominent sign that we detected was increased ultrasound vocalizations in the mutant pups in response to separation from mother and littermates. Significant increases relative to wild-type mice were evident as early as PND 5 in the Mnull. It is important to point out that ultrasonic vocalizations, an objective quantitative 
Fox test
Expected behavior
Slow righting
The pup turns over with all four feet on the ground when placed on its back. The criteria for evaluation of slow righting are intensity of kicking with paws and time needed to turn.
Cli¡ drop aversion
The pup withdraws from the edge of a £at surface when its snout and forepaws are placed over the 'cli¡' or when reaching the 'cli¡' after walking towards it.
Forelimb and hindlimb placing
The pup places its fore or hind paw on the surface of the edge of an object when stroked on the dorsum of the paw.
Forelimb and hindlimb grasping
The pup grasps the shaft of a toothpick when the fore or hind paw is stroked.
Geotaxis response
The pup turns approximately 1801 to either side when placed head down on a 451 steep wire mesh (4 Â 4 mm).
Level screen test
The pup holds onto a wire mesh (4 Â 4 mm) when it is dragged across the wire mesh horizontally by the tail.
Vertical screen test
The pup shows a climbing response when it is dragged downward on a wire mesh (4 Â 4 mm, 451 steepness) by the tail.
measure in contrast to the more subjective scoring of the Fox battery, are enhanced in mutants. Two different interpretations of these results are possible: (1) mutants may be more reactive to neonatal isolation and call more in response to this isolation or (2) a physiological alteration in the larynx and respiratory regions leads to an increased vocalization rate [21] . Further testing will be necessary to assess the contributions of each of these in the altered behavioral response. Interestingly, ultrasonic vocalizations are increased in infancy after cholinergic blockade [22, 23] ; cholinergic deficits have been documented in RTT individuals [24] . The data from the somatosensory reflex battery indicate a mutation-induced transient delay in the development in motor coordination of hindlimbs and in cliff aversion responses. This deficit is consistent with the motor coordination deficits noted in the adult Mecp2 male mice (J.B.S., unpublished observations), as well as with very early motor deficits detected in RTT individuals [5, 6] . Interestingly, the expression of Mecp2 in wild-type mice occurs in Purkinje cells as early as PND 6 [25] . We hypothesize that in null mice the lack of Mecp2 expression in Purkinje cells and other motor regions could be responsible for the transient deficits in motor reflex development.
The mutation-induced increases in ultrasonic vocalizations in the first postnatal week appear to have a different time course from the delayed maturation of some motor reflexes occurring in the second week. This suggests that these two behavioral alterations may result from different underlying mechanisms and may involve brain regions that mature at different times. Further studies are underway in our laboratory to document regional alterations in the brains of the mutant mice.
In conclusion, the current study suggests that we can detect changes that result from altered Mecp2 expression in the neonatal period in mice. These data provide validation of the early deficits noted in RTT individuals. More importantly, these data provide insight into the onset of abnormal behavioral signs in the mutant mice. Finally, this early behavioral paradigm offers an excellent model in which to test early therapeutic interventions. Female pups * * Male pups * * Female pups * * 
